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SUMMARY

Thecorrosionof3S-0and52S-0aluminum,AISI 347and321stainless
steels,“A”nickeljandlow-lesdedbrasshasbeendeterminedfromthe
weightchangeofspecimensexposedalternatelytoliquidandgaseous
fluorine.Experimentswerecontinuedfora totalexposuretimeofupto

Itwasfoundthatcorrosionisnegligibleunderthecondi-
~~o~~s~he experiments. Novisualdifferenceswereobservedbetween
thosesurfacesexposedtothegaseousphaseonlyandthoseexposedto
boththeliquid&d th-egaseou;phases;

INTRODUCTION

Nickel}moneljendaluminumareresistant
fluorineupto450°C,whiletheresistanceof
isfactoryabove200°to250°C (refs.1 to3).

toattackbygaseous
stainlesssteelsisunsat-
Noinformationisavail-

ableintheliteraturehowever,onthecorrosionofmetalsbyliquid
fluorineatliquidnitrogentemperatureorbyalternateexposuretoliq-
uidandgaseousfluorine.

Theexperimentsreportedhereinwereundertakentodeterminethe
corrosionofseveralmetalsalternately~osed toliquidandgaseous
fluorinethatwouldoccurinapplicationswherefluorineisrepeatedly
condensed.Themetalsstudiedwere5S-0and52S-Oaluminum,AISI347
and321stainlesssteels,“A”nickel,W low-lesdedbrass.Datawere
obtainedbyalternatelyexposingtheinnersurfacesofsmalltubesto
gaseousendliquidfluorinefora totalexposuretimeof’upto~months.
Theresultswereevaluatedbyvisualexaminationandbyconsidering
weightchaugesaudphotomicrographsofexposedspecimens.

APPARATUSANDPROCEDURE

with
Theapparatus’consistedofmanifolds”oftestspecimenstogether
necessaryvalvingandauinsulatedliquid-nitrogenbath(fig.1).
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Testspecimens.-Testspecimensweretubes1/2inchinoutside
diameter,approximately6 inchesinlength,andofvariouswallthick-
nesses.Oneendofeachtubewasclosedbyfusionweldingwithoutaddi-
tionofa secondmaterial,whiletheotherendwasattachedtotheman-
ifoldwithabrassflere.typefitting.Themetalstestedwere3s-0and
52S-0aluminum,A3.SI347end321stainlesssteels,“Annickel,andlow-
leadedbrasshavingthecompositionof31.81percentzinc,0.96percent
lead,0.13percentiron,and67.10percentmpperbyclifference.Stain-
lesssteelswerecold-drawnml annealed.Duplicatespecimensofeach
typeweretestedoneachmanifold. ~

4m
Themadfoldswereconstructedof1/2-inch-outside-diametercopper

tubing.Jointsweresolderedwithno.3 gradesilversolderinthe
absenceofflux.Testspecimens,manifolds,andotherequipmentexposed
tofluorineweredegreasedincarbontetra@loride,cleanedh 10percent
nitricacid,andrinsedwithwaterandacetone.Testspecimenswere
desiccatedfor24hoursendthenweighedonananalyticalbalanceprior
toexposure.

,,
Operatingprocedure.-Afterpreparation,thepa% wereassembled

.

andthesystemwaspurgedsnlpressure-checkedforleekswithhelium.
Approximately0.75poundofcommercialfluorinegas(0.5percentEl?max.) &
at50poundspersquareinchgagepressurewasintrtiucedintothesys-
tem.Thelowerhalfofeachtubewasimmersedinliquidnitrogen,which
condensedfluorineinthetubesendloweredthepressureofthesystem
to20poundspersquareinchgage.Thisresultedina liquidfluorine.
levelofabout%Ainches.Theliquidnitrogenwasmaintainedduringthe
workingday,exceptonweekends,sothatapproximately13hoursofeach
2+consistedofexposure.toliquidfluorine.Experimentswereconducted
forperiodsof~~end~ months.The~ertientswereconcludedbecause
ofthefailureofa silver-solderedjointatoneofthemsnifolds.
Priortoweighing,thefluorinewasallQwedtoevaporateand.thespeci-
mensweredesiccatedfor24hours.

RESU12E3ANDDISCUSSION

Thecorrosiondataobtainedme givenintable1. T*le IIgives
theaveragechsngeinweightpersquareinchofinternalsurfaceareaof
eachmetalafteralternateexposuretoliquidandgaseousfluorine.The
dataintableIIrepresentmaximumvalueswhichcouldbeexpectedunder
theseconditions,sinceatleastpartoftheweightchangemayhavebeen
duetoatmosphericcorrosionontheoutersurfaces.Sincetheestimated
msximumerroris1milligram,thelowestweightgainsmayhaveanerror
ofasmuchas100percentwhilethelsrgestweightgainsmayhavean a
errorofasmuchas10percent.Nevertheless,thedataareconsidered
rekiableastoorderofmagnitudebecausegoodprecisionwasobtained \
formostduplicate~eriments.Foreverymetaltested,a gaininweight 2

wasobservedevenafter2730hoursof~osure.
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Penetrationrates.-Ontheassumptionthatthegaininweightis
dueentirelytotheadditionoffluorinetoformmetalfluorides,itis
possible,tocalculatetheweightofmetalconsumedlyassuminga com-
positionforeachfluoride.Penetrationrateswerecalculatefromthe
Weight Of metal consumedandaregivenintableIII.Sincetheamount
ofmetalwhichreactedwassmall,itwasassumedthatthefilmwasnon-
protectiveandthera~ewaslinear.ThefluoridesassumedwereAIJ?3,
I?W2,FeJ?3,sndCW2. Thesedatabiicatethatcorrosionofthesemetals
byfluorineispracticallynegligibleunderconditionsoftheexperiments.
Theratesforthestainlesssteelsaxelowerthanthosereportedat70°F
inreference4,whichmaybea resultofthelowerav~ragetemperaturein
thisinvestigationendofdifferencesintypesofstainlesssteel.

Surfaceappearance.-Metallurgicexaminationofthespecimens,
asshownbythephotomicrographsinfigure2,didnotrevealanypitting
orintergranularcorrosionexceptinthecaseofnickel(fig.2(e))in
whichslightintergrenularcorrosionwasobserved;however,thisiscon-
siderednegligibleoverthetimeperiodinvolved.Thephysicalappear-
anceofspecimensafter2730hoursofexposureiscomperedwiththatof
unexposedspecimensinfigure2. Thescratchesinthesurfaceofthe.
spec-nswerea resultofhandlingorw=e introducedintentionell.yto
determinethedegreeof.adherenceofthesc~e. Excqtforfi~el,tie
mostnoticeablechangewasinthecolorofthemetalsurfaceorinthe
presenceoffilms.For”nickel(fig.2(e))bothexposedandunexposed
surfacesappearedidentical.Bothaluminums(figs.2(a)and(b))
appearedconsiderablylighterincolorthenoriginalsamplesbuto%her-
wisew=e unchanged.Thestainlesssteels(figs.2(c)and(d))hadareas
inwhichslightiridescencea~eared,indicatingthepresenceofa thin
film.Thisseemedtobemoreprevalentwith347,butwasnotgeneralfor
eithertype.Low-leadedbrass(fig.2(f))waslightlycoveredwitha
reddishfilmwhichwasnotcontinuousbutgenerallycoveredtheentire
surface.Therewasnovisualdifferencebetweenportionsofthespeci-
mens~osed tothegaseousphaseonlyandthose~osed toboththe
liquidandthegaseousphase,norwastheliquid-gasinterfacedetectable.

Onthebasisofthedataobtained,itisconcludedthatauyofthe
materialsinvestigatedaresuitableforusewithfluorineunderthecon-
ditionsoftheseexperiments.

SUMMARY

A quantitativeinvestigation

OFREsuIrrs

wasconductedofthemrrosionof3S-0
and52S-0aluminum,AISI347and321statnlesssteels,“A”nickel,end
low-leadedbrassbyalternatee~osuretoliquidandgaseousfluorine
forperiodsofupto~ months.Theresultsoftheinvestigationmeybe
summarizedasfollaws:
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1.Forstoragesndhsmdlingpurposes,thechangeinweightofeach
ofthemetalsinvestigatedwasnegligibleunderconditionsofthe
experiments.

2.Noclifferencewasobservedbetweenportionsof_spectiensexposed
togaseousfluorineonlyed those~osed alternatelytoliquidand
gaseousfluorine.

LewisFlightPropulsionLaboratory
NationalAdvisoryCommitteeforAeronautics

Cleveland,Ohio,Septeniber28,1954
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TABLE1.-CORROSIONDATA
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Metal Weight,g Internal
area,
sqin.

Time>
br

Weight
change

o
.0026
.0108
.0106
.0014
.0106

0.0019
.0093
.0163
-.0163
.0099
.0095

0.0012
.0001
.0031
.0034
.0039
.0022

0.0Q19
.0018
.0028
.0048
.0010
.0021

0.0005
.0004
.0060
.0026
.0030

0.0049
●0037
.0176
.0151
.0076
.0049

Before
exposure

M.9033
18.6296
16.4636
16.3856
18.8299
18.6457

After
exposure

105+
1055
2730b
2730
2730
2730

3S-0 Aluminum 18.9033
18.6322
16.4744
16.3962
18.8313
18.6563

7.20
7.12
5.83
5.83
7.20
7.20

52S-0Aluminru28.6731
27.8926
27.7912
27.9204
28.1495
26.5484

28.6750
27.9019
27.8075
27.9041
28.1594
26.5579

42.2870
41.8132
35.5015
35.6121
42.1932
42.6275

8.36
8.21
8.06
8.06
8.36
“7.77

1055
1055
2730
2730
2730
2730

AISI347 42.2858
41.8131
35.4984
35.6087
42.1893
42.6253

7.29
7.12
5.83
5.91-
7.12
7.20

1055
1055
2730
2730
2730
2730

AISI321 27.3230
26.9847
23.4952
23.5475
27.2577
27.7913

43.5582
43.6383
36.3945
41.4378
38.8173

27.3249
26.9865
23.4980
23.5523
27.2587
27.7934

43.5587
43.6387
36.4005
43.4404
38.8203

7.20
7.03
5.91
5.83
7.12
7.20

7.20
7.20
5.74
7.12
6.34

1055
1055
2730
2730
2730
2730

1055
1055
2730
2730
2730

“A”nickel

I#w-leaded
brass

57.7751
59.2956
48.5486
48.4982
58.6092
59.0067

57.7800
59.2993
48.5662
48.5133
58.6168
59.0126

6.58
6.82
5.39
5.39
6.66
6.66

1055
1055
2730
2730
2730
2730

%cposed783hrtogas;272hrtoliquid.. —

bExposed1714hrtogas;1016hrtoliquid.
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TABLEII.-A-E WEIGHTCHANGECl!?SPECIMENSFOR

AmEmwrEExmsURETOLIQC%UIANDGAsEousFLJKRINE

Metal

3S-0Aluminum
52S-0Aluminum
AISI347stainlesssteel
AISI321stainlesssteel
“A”nickel
Low-leadedbrass

alo55hr

0.18
.68
.09
.26
.06
.64

b2730b??

1.33
‘1.48
.49
.43
.63
1*99

a~osed 783brtogas;272hrtoliquid.
%wosed 1714 hr to gas; 1016 hr to liqtid.
cNegativevalueexcluded.

TABLEIII.-CALCULATEDA~ PENEZMTIONRA!I’ES

M&al I Inchespermonth

3S-0Aluminum
52S-0Aluminum
AISI347stainlesssteel
AISI321stainlesssteel
“A”nickel
Low-leadedbrass

alo55hr

2.6X10-6
10.0
1.0
2.7
.4
5.2

b2730hr

7.4X1O-6
‘8.5
1.9
1.7
1.7
6.3

%xposed783hrtogas;272hrtoliqtid.
%xPosed1714‘hrtogas;1016hr@ liquid.

. .‘Negativevalueexcluded.

0
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Figure1. - Apparatusforfluorine-corrosionexperiments.
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(0)AISIS47eteinlemeteel. (cl) AISI sin etalnl.ess et-l.

Pigore2. -ContimUed, Canp3riemof*s~d@er ~hours~
qoeuzwl to licl’uidand gaeemlsflu015ne. PhOtomiolT@’@leof Orosseeotilm
m? eapoeadmetal.
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(e) “An IxLokel. (r) r.m-ledea bl-em.

i
mgllre 2. - Oolmluded. Cqperimld metalsbeforeand efter2730hmnw totel
expoellreto liquidMld &seeouEflucdne. Photomicrographsof orosnsectmm
d ~..a ~.
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